D
uring the human colonization of the Pacific islands that make up Polynesia, there was much variation in how those early societies adapted to live on islands that had greatly differing environments 1 . That co-variation in societies and environments has made Polynesia a useful model system for understanding social development. The Polynesians on the islands of Hawaii and Tonga managed to evolve proto-states with populations in the hundreds of thousands 1 . Yet the early settlers on Henderson and Pitcairn islands died out or emigrated 2 . In a new monograph, Tangatatau Rockshelter (Mangaia, Southern Cook Islands), Kirch et al. 3 have published a reanalysis of their group's earlier archaeological fieldwork data from the Polynesian island of Mangaia, using techniques not available during the initial studies. The lessons learnt from this re-evaluation of how the Mangaians settled a fragile environment and overcame severe problems of population pressure and resource shortages might be instructive for modern societies that are similarly struggling to achieve a sustainable way of life.
The earliest inhabitants of Polynesia came from Taiwan via the New Guinea region and began to reach western Polynesia around 1050 bc 4, 5 . Eastern Polynesia's more remote islands (including Mangaia) were colonized after an interval thought to be of around 1,000 years 6 on the basis of the dating of human-associated materials carried out in the 1990s. This timeline and the archaeological data suggested that the Mangaians faced a gradually unfolding resource crunch over 1,500 years that then plunged them into violence and cannibalism.
This timeline was proposed on the basis of the radiocarbon-dating methods available in the 1990s, which included the analysis of large charcoal samples in which the plant species burnt were not specifically identified. Dating methods available nowadays differ in two respects: accelerator mass spectrometry enables the dating of tiny samples, and improvements in methods of studying plant fragments have allowed identification of the plant species that provided the charcoal sources. Kirch et al. applied those methods to their Mangaian studies, particularly in the analysis of a large overhanging rock, known as the Tangatatau Rockshelter, which was a site of human activity for many centuries. This permitted much of Mangaia's archaeological history to be traced in one long continuous sequence, rather than relying on a reconstruction that combines 'snapshots' of many sites occupied at different times.
These new analytical techniques show that Mangaia was settled only around ad 1000, a thousand years later than originally believed 7 . The conclusion of a 2,000-year 'long pause' between the settlement of eastern and western Polynesia has also been reached for other eastern Polynesian islands 8 . In retrospect, it seems that the erroneous dating from the 1990s was because much of the charcoal came from longlived tree species that had already been growing for centuries before people arrived and burnt them. Now, by dating only short-lived plants (including some introduced by the Polynesians themselves) and the bones of Polynesian-introduced rats, Kirch and colleagues have revised their proposed habitation timeline, revealing that Mangaia's resource crunch developed within just a few centuries of island habitation.
The authors found that the crunch arose from initially exponential human population growth together with resource depletion in a vulnerable environment. Polynesians began by felling forests to subsist, using slash-and-burn agriculture on volcanic slopes. But Mangaia's thin, old soils were leached of most nutrients, and, once eroded, could support only fern regrowth. Most native landbird species and some seabirds were exterminated. After depleting reef populations of large molluscs and fish, Polynesians had to switch to smaller species offering less meat for more work. They raised pigs prized for rituals, but this was an inefficient use of resources because 10 kilograms of the crop plant taro are needed to produce 1 kg of pork.
By ad 1400, food shortages and population pressures resulted in violence and cannibalism that were still remembered in oral traditions of the 1800s when Mangaians encountered Europeans 9 . The bones of 41 people excavated from an archaeological site show the marks of having been butchered, cooked and discarded in the same way as pig bones were.
Kirch and colleagues studied how the
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Of rats and resilience
A revised timeline for the arrival of settlers on Mangaia island in Polynesia reveals the resilience of this population, which overcame an environmental crisis through bold measures to support a sustainable society. 
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Mangaians tackled their resource problems after this nadir. The islanders switched from slash-and-burn agriculture to high-yield irrigated agriculture in flat swamplands, fertilized by soil eroded from the slopes (Fig. 1) . They also had the good luck to obtain the South American sweet potato, which is a much more productive crop than taro. Pigs disappeared from the archaeological record on Mangaia, which was probably the consequence of a courageous decision to kill all the pigs, as occurred on the Pacific island of Tikopia 10 . By eating taro themselves instead of feeding it to the pigs, the Mangaians gained ten times more calories. For protein, they developed sustainable methods of harvesting freshwater fish, eels and ducks from ponds.
As a source of mammalian protein, Mangaians replaced pigs and people with rats. When talking to Europeans in the 1800s 11 , Mangaians spoke of delicious food using the expression, "It is as sweet as a rat!". Although violence persisted on Mangaia, it became moderated by political unification under a paramount chief, and cannibalism ended.
These discoveries raise other questions. How rapid were the landbird extinctions following the arrival of Polynesians? The authors' data show that the birds were gone within 500 years, but the time-resolution of these data is coarse. Only additional dating of bird bones, together with species identification, will provide the answer. I'll bet that the extinctions took only a few decades. The same question remains to be answered for other faunas that evolved in the absence of modern humans. 
Role of repeats in protein clearance
Mutant proteins that contain stretches called polyQ repeats can misfold or form aggregates linked to neurodegeneration. It emerges that some polyQ-containing proteins regulate a process that degrades misfolded proteins. See Letter p.108
DA L E D . O . M A R T I N & M I C H A E L R . H AY D E N
N ine inherited neurodegenerative disorders 1 are associated with genes that contain repetitive expansions of the DNA nucleotide sequence CAG in the normal gene sequence. CAG encodes the amino acid glutamine (termed Q in the single-letter amino-acid code), and this type of sequence expansion gives rise to proteins that have longer than usual, continuous stretches of glutamine, known as polyQ regions 1 . However, the normal role of these polyQ repeats is unknown. It is thought that when these stretches are longer than normal in a given protein, they can interact to form aggregates that can bind and sequester many essential cellular proteins. Such protein aggregation is associated with neuronal-cell death 1 . On page 108, Ashkenazi et al. 2 report a previously unknown connection between polyQ-region expansions and abnormalities in an intracellular degradation and recycling process known as autophagy. The discovery of a link between the presence of polyQ regions and the regulation of autophagy might indicate that polyQ-containing proteins have a role in normal cellular homeostasis that is distinct from their action in disease.
Autophagy removes misfolded proteins and damaged organelles by encapsulating them in a lipid membrane compartment called an autophagosome. This then fuses with an acidic, membrane-bound organelle known as a lysosome to form an autophagolysosome, in which the damaged or malfunctioning substrates are degraded 3 . The development of treatments for diseases associated with polyQ expansions is currently aimed at reducing the level of the disease-causing proteins, and promotion of autophagy has emerged as a promising therapeutic goal 3 . Expansions of polyQ domains in the proteins huntingtin and ataxin 3 can cause Huntington's disease and spinocerebellar ataxia type 3, respectively 1 . In the former disease, the loss of neurons in a region of the brain called the striatum leads to changes in mood and personality, as well as the loss of motor co ordination and the development of involuntary movements 3 . In spinocerebellar ataxia type 3, neuro degeneration occurs in the striatum and in a brain region known as the cerebellum, resulting in loss of motor co ordination. Both diseases are of a progressive nature, and the age of disease onset is inversely related to polyQ length. No therapies are currently available to slow the progression of diseases associated with the presence of expanded polyQ regions.
Ashkenazi et al. show that the addition of a protein tag called ubiquitin to a key regulator of autophagy initiation, the protein beclin 1, marks beclin 1 for destruction in the proteasome degradation complex. However, removal of the ubiquitin tag by the enzyme ataxin 3 allows beclin 1 to escape proteasomal destruction and trigger autophagy. Importantly, the authors found that the interaction between ataxin 3 and beclin 1 can be prevented if other proteins containing expanded polyQ domains are more successful at interacting with beclin 1 than is ataxin 3 (Fig. 1) . They show that a mutated version of huntingtin
